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附还原作用使 ECCs在短时间内还原生成了少量 Pd(0)和 Au(0)，大量的钯离子和金离子聚集在 ECCs
表面周围；还原剂 AA的加入使 ECCs表面成为优先成核位点，菌体表面基团与晶核相互作用阻止
其迁移；在CTAB的作用下，菌体表面的纳米颗粒逐渐形成链状纳米中间结构，中间结构通过Ostwald
熟化作用进一步形成 Au-Pd纳米线。通过 ECCs和 CTAB协同作用，有利于一维纳米结构的生长。 
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Abstract: The gold and palladium nanowires (Au-Pd NWs) were prepared by microbial adsorption - 
chemical reduction method using Escherichia coli (ECCs) as bio-template, cetyltrimthyl ammonium 
bromide (CTAB) as a protective agent, and ascorbic acid (AA) as a reducing agent, respectively. The 
influence of different Au/Pd molar ratios on Au-Pd bimetallic nanowire morphology, and their composition 
was systematically studied. The as-prepared Au-Pd NWs samples were characterized by SEM, TEM and 
XRD spectroscopy and other technologies. The results show that the ECCs surface provided preferential 
nucleation sites, which were vital for growth of bimetallic nanoparticles. Through the adsorption and 
reduction of ECCs, a small amount of Pd(0) and Au(0) were first reduced in a short time, then a large 
number of Pd and Au ions were gathered around the surface of the ECCs. Upon AA addition, the reduction 
reaction was greatly accelerated when the Pd and Au ions on the surface of ECCs were reduced to 
preferential nuclei in a short time. The interaction between ECCs surface and the nuclei prevents their 
migration, so the metal nuclei could continue to grow. The chainlike intermediate nanostructures were 
formed on the cells surface in the direction of CTAB. With the addition of new atoms onto intermediate 
nanostructures, the small nanoparticles were consumed via Ostwald ripening during the crystallization of 
the chained nanostructures, thus forming nanowires. Therefore, owing to the synergism between ECCs and 
CTAB, the growth of one dimensional Au-Pd nanostructures was sufficiently promoted. 
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1.2 金溶液和钯溶液的制备 
HAuCl4 溶液的配制：将质量为 1.0296 g 的
HAuCl4·4H2O 用少量超纯水溶解，并将其定容至 50 
mL，即配成浓度为 50 mmol/L 的溶液，置于 60 mL
棕色试剂瓶中，4℃冰箱保存备用。 
H2PdCl4 溶液的配制：将 0.4433 g PdCl2 置于少 
量超纯水中，搅拌下滴入分析纯盐酸，待固体逐渐
溶解后定容 50 mL，最后呈现酒红色透明的 H2PdCl4
溶液(50 mmol/L)，将该溶液置于 60 mL 棕色试剂瓶
中，4℃冰箱保存备用。 
移取一定体积的上述溶液，加入去离子水，分
别配制成 50 mL 浓度为 10.00 mmol/L 的 HAuCl4 溶




溶液(如表 1 所列)于锥形瓶中，加入 9.5 mL 去离子









表 1 不同金钯摩尔比溶液的配制* 
Tab.1 .Preparation of different Au and Pd molar ratio solutions 
序号 钯溶液体积/µL c(Pd)/(mmol/L) nAu: nPd x(Pd)/% 
0# 0 0 1:0 0 
1# 50 0.05 5:1 16.7 
2# 150 0.15 5:3 37.5 
3# 250 0.25 5:5 50.0 
4# 350 0.35 5:7 58.3 
*注：c(Au)=0.25 mmol/L, c(ECCs)=0.5 g/L, c(CTAB)=5 mmol/L, c(AA)=1 
mmol/L); pH=3.0, 30℃, 6 h。 
 






UV-Vis、SEM、TEM、XPS 和 XRD 表征，用 SEM- 










不同 ECCs 菌粉量、CTAB 量、AA 浓度对合成金钯
纳米材料形貌的影响。研究结果表明：当 ECCs 菌
粉量为 0.5 g/L、CTAB 量为 5.0 mmol/L、AA 浓度





反应液情况，结果如图 1 所示。 
 
 
图 1 不同 H2PdCl4 浓度下的反应液的图片(c(Au)=0.25 mmol/L) 






















(a). c(Pd)=0.05 mmol/L; (b). c(Pd)=0.15 mmol/L; (c). c(Pd)=0.25 mmol/L; (d). c(Pd)=0.35 mmol/L 
图 2 不同 H2PdCl4 浓度下制得 Au-Pd 纳米材料的 SEM 图像(c(Au)=0.25 mmol/L) 





0 mmol/L 0.05 mmol/L 0.15 mmol/L 0.25 mmol/L 0.35 mmol/L 







进一步采用 XRD 表征所得结果如图 4 所示。











浓度的增加而增加，这与图 3 的元素分析结果一致。 
 
图 3 反应前钯加入量(a)和反应后 Au-Pd 
纳米线中的钯含量(b) 
Fig.3 Atomic Pd percentage in solution before reaction (a) and 
atomic Pd percentage of Au-Pd nanowires after rection (b) 
 
   
图 4  Au-Pd 纳米线的 XRD 图(a)和{111}面衍射峰位置与钯添加量的关系图(b) 
Fig.4 XRD patterns (a) and {111} diffraction peak positions of the Au-Pd bimetallic nanowires with different initial addition of Pd 
precursor (b), which is measured from XRD patterns (circle data points) 
 








少量直径为 20 nm 的球形颗粒。当反应进行 5 min
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(a). 0 min; (b). 5 min; (c). 15 min; (d). 25 min; (e). 360 min; (f). 图(e)选区的高分辨率 TEM (HRTEM of (e). selection area) 
图 5 不同反应时间所形成的 Au-Pd 纳米产物的 TEM 图像(c(Au)=c(Pd)=0.25 mmol/L) 
Fig.5 TEM images of Au-Pd nanostructures obtained after the reaction had proceeded for different time (c(Au)=c(Pd)=0.25 mmol/L) 
 






(a). TEM; (b). 高分辨率 TEM(HRTEM); (c). 扫描-透射电镜(STEM); 
(d). 单个纳米颗粒 EDX 线扫描(EDX line scanning of single nanoparticle) 
图 6  Au-Pd 纳米中间体的 TEM 表征(c(Au)=c(Pd)=0.25 mmol/L) 
Fig.6 TEM characterization of Au-Pd bimetallic intermediates 
(c(Au)=c(Pd)=0.25 mmol/L) 
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使 ECCs 在短时间内在表面还原生成了少量 Pd(0)






时间的延长，溶液中未被 ECCs 吸附的 Au(III)和
Pd(II)历经了 Au(III)→Au(I)→Au(0)，Pd(II)→Pd(0)，
Pd(0)+Au(III)→Pd(II)+Au(I)，Au(0)+Au(III)→Au(I)
等过程，在 AA 加入后，更多 HAuCl4 被还原，小
的纳米颗粒会开始团聚，经过一段时间的 Ostwald
粗化，大颗粒变大，小颗粒变小，这些金、钯纳米















图 7  Au-Pd 双金属纳米线形成机理 
Fig.7 Formation mechanism of Au-Pd bimetallic nanowires 
  














2) 采用 ECCs/CTAB/AA 体系制备 Au-Pd 纳米
线的可能机制为：通过 ECCs 吸附还原作用，在短
时间内生成了少量 Pd(0)和 Au(0)，并在表面大量聚





过 Ostwald 熟化作用进一步形成纳米线。 
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